MicroRNA-30c (miR-30c) has been reported to be a tumour suppressor in endometrial cancer (EC). We demonstrate that miR-30c is down-regulated in EC tissue and is highly expressed in estrogen receptor (ER)-negative HEC-1-B cells. MiR-30c directly inhibits MTA-1 expression and functions as a tumour suppressor via the miR-30c-MTA-1 signalling pathway. Furthermore, miR-30c is decreased upon E 2 treatment in both ER-positive Ishikawa and ER-negative HEC-1-B cells. Taken together, our results suggest that miR-30c is an important deregulated miRNA in EC and might serve as a potential biomarker and novel therapeutic target for EC.
Introduction
Endometrial cancer (EC) is the most frequent malignant tumour of the female genital tract worldwide. Endometrial cancer comprises two different pathogenetic subtypes. Type I tumours are low-grade estrogen-related endometrioid cancers (EEC) that generally develop from complex and atypical endometrial hyperplasias in peri-menopausal women. In contrast, type II tumours are aggressive non-endometrioid cancers (NEEC) that are unrelated to estrogen stimulation and that develop from the atrophic endometrium of elderly women. The differences between the two EC subtypes lead to different treatment and prognoses [1] .
The importance of microRNAs (miRNAs), one type of the noncoding RNA, has been demonstrated in cancer. Genes encoding mammalian miRNAs are initially transcribed as primary miRNAs (pri-miRNAs), which are processed by the enzymatic complexes Drosha and Dicer to become precursor miRNAs (pre-miRNAs) and mature miRNAs [2] . The mature miRNAs are approximately 22-nucleotide-long, single-stranded RNA molecules that regulate the expression of their target genes by imprecise complementation to the 39-untranslated regions (UTRs), 59-UTRs, and even coding sequences of the mRNAs to repress translation in animals [2] [3] [4] [5] . Estrogen (E 2 ) and the estrogen receptor (ER) have been shown to modulate miRNAs such as miR-125a [6] and miR-429 [7] in mouse uterus, miRNA-20a and miRNA-21 in normal endometrial glandular epithelial cells [8] , Let-7 family, miR-27a, miR320 and miR-424 [9] in EC cells, miR-104 [10] , miR-7 [11] , miR-21 [12] , miR-30c and miR-103 [13] in breast cancer cells, miR-135b in colorectal cells [14] and miR-203 in vascular smooth muscle cells [15] . Taken together, these results indicate that E 2 and ER play important roles in miRNA regulation.
Recently, the deregulation of miR-30c has been reported not only to be relevant to the tumorigenesis and progression of many cancers, such as EC [16, 17] , ovarian cancer [18, 19] , breast cancer [20] [21] [22] [23] , lung cancer [24] , clear cell renal cell carcinoma [25] , gastric cancer [26] , bladder cancer [27] and neuroblastoma [28] , but also to exhibit potential diagnostic and prognostic implications, as well as to represent a potential therapeutic target of chemo-and radiotherapies for cancers [18, 29, 30] . Currently, metastasis-associated gene-1 (MTA-1) [17] , KRAS [20] , DLL4 [31] , TWF1, vimentin [21] , BCL9 [19] , REDD1 [32] , PAI-1 [33] and CTGF [34] have been identified as targets of miR-30c, and SERPINE1 [28] , NYH11, GPRASP2 DDR2 [16] , PPARGC1B, Makorin-3, UBAC1, PTPDC1 [22] snail1 [35] , p53 [36] are potential targets that remain to be validated. Because miR-30c exhibits a relative decrease in expression from normal endometrium to atypical hyperplasia to cancer, and because the role of miR-30c in EC remains unknown, we conducted an investigation of the role of miR-30c in EC. Our previous studies have found that miR-30c targets MTA-1, which is highly expressed in EC [37] and functions as tumour suppressor in EC cell lines [17] . However, the precise roles of miR-30c and MTA-1 in EC are unclear. Therefore, we conducted this extended study.
In this study, we evaluated the expression of miR-30c in EC tissues and different EC cell lines, further investigated the relationship between miR-30c and MTA-1, validated the tumour suppressor function of miR-30c and explored the regulation of miR-30c in EC cell lines. Thus, we sought to determine the tumour suppression function of miR-30c, which would define its potential value as a novel therapeutic target for the treatment of EC.
Materials and Methods

Patients and tissue samples
This study was approved by the Ethics Committee of Nanjing Drum Tower Hospital Affiliated to Nanjing University. Study subjects were recruited from the patients at the Department of Obstetrics and Gynecology, Nanjing Drum Tower Hospital, Nanjing University Medical School in Nanjing, China. Written informed consent was received from all participants involved in the study. All of samples were collected with patients' informed consent and confirmed by the pathological examination. All the patients were suffering type I EC and none of them received preoperative treatment, such as radiation therapy or chemotherapy. 21 primary EC tumour tissue specimens were obtained from the EC patients, and 14 normal endometrial tissue samples were obtained from women who underwent hysterectomies (laparoscopic or abdominal) for the treatment of other diseases such as myoma or uterine prolapse.
EC cell lines and treatments
Human EC Ishikawa cells were kindly provided by Professor L.H.Wei (Peking University People's Hospital, China), and HEC-1-B were purchased from the Shanghai Cell Collection (Shanghai, China). The Ishikawa cells were cultured in Dulbecco's Modified Eagle's Medium (DMEM, Gibco, USA), and the HEC-1-B cells were cultured in McCoy's 5A Medium (Gibco, USA), both of which were supplemented with 10% fetal bovine serum (FBS, Gibco). The cells were maintained in a 5% CO 2 
Cell transfection
The mimics (miR10000244) and inhibitor (miR20000244) of miR30c, small interfering RNA of MTA-1 (si-MTA-1, si-h-MTA1_001) and their respective scramble oligonucleotides, mimics-sc (miR01101), inhibitor-sc (miR02101), siR-sc (siN05815122147), were designed and synthesised by Guangzhou RiboBio (Guangzhou, China). All of the oligonucleotides were transfected into cells using Lipofectamine TM 2000 (Invitrogen, USA) in antibiotic-free Opti-MEM medium (Invitrogen, USA) according to the manufacturer's protocol at a final concentration of 50 nM. For the cotransfections, 25 nM of each oligonucleotide was used. Total RNA and proteins were extracted at 48 h post-transfection for further analysis. Nontransfected Ishikawa cells in culture medium were also prepared to serve as mock controls.
Quantitative real-time polymerase chain reaction (qRT-PCR)
Total RNA of tissue and cells was extracted using TRIzol reagent (Invitrogen, USA). The stem-loop RT primer of miR-30c, primers of miR-30c, U6 and MTA-1 for qRT-PCR were described in our previous study [17] . The GAPDH, pri-miR-30c, and pre-miR-30c primers were designed as follows: GAPDH forward primer: TGAACGGGAAGCTCACTGG, GAPDH reverse primer: TCCACCACCCTGTTGCTGTA; pri-miR-30c forward primer: GCCCAAGTGGTTCTGTGTTT, pre-miR30c forward primer: ACCATGCTGTAGTGTGTGTAAACA, and pri-miR-30c/pre-miR-30c reverse primer: TCCATGGCA-GAAGGAGTAAA. cDNA was synthesised from total RNA by reverse transcription using the PrimeScript TM RT reagent Kit (TakaRa, Dalian, China). Next, qRT-PCR was performed using the SYBR PrimeScript TM RT-PCR Kit (TakaRa, Dalian, China) according to the manufacturer's protocol. The relative expression levels of miR-30c and MTA-1 were determined using the 2 2DDCt analysis method; the levels of GAPDH and U6 were used as internal controls for MTA-1 and miR-30c, pri-miR-30c, pre-miR30c.
Western Blot
Cells were harvested and lysed in radioimmunoprecipitation assay (RIPA) lysis buffer (Sigma, USA) containing a protease inhibitor cocktail (Roche Diagnostics, Mannheim, Germany). The protein concentrations of the total cellular lysates were measured using the Micro BCA protein assay kit (Pierce Biotechnology Inc., Rockford, USA). An equal amount (50 mg) of each cellular lysate was resolved by electrophoresis in 10% SDS-polyacrylamide gels (SDS-PAGE) and transferred onto polyvinylidene fluoride (PVDF) membranes (Millipore, Billerica, MA), which were blocked in TBST with 10% non-fat, dried milk. The membranes were probed with a primary antibody against MTA-1 (1:500, Abcam, Cambridge, UK) and a secondary horseradish peroxidase (HRP)-conjugated antibody (1:5000, Bioworld Technology, USA). The proteins of interest were then detected using an enhanced chemiluminescence (ECL) blotting detection system (Millipore, Billerica, MA). GAPDH was used as a loading control. The relative intensity of the target bands was analysed using Quantity One.
Cell proliferation assay
Cell proliferation was analysed using a 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. Cells were seeded into 96-well plates (5610 3 cells/well) directly or at 24 h after transfection and incubated for 24, 48, 72 and 96 h, respectively. After incubation with 25 ml of MTT (5 mg/ml, Sigma, USA) at 37uC for 4 h, the supernatants were removed, and 150 ml of dimethylsulfoxide (DMSO, Sigma, USA) was added to each well. The absorbance value (OD) of each well was measured at 490 nm. For each experimental condition, 6 wells were used, and the experiment was performed in triplicate.
Cell migration and invasion assay
Cell migration was measured using a wound-healing assay. The transfected cells were seeded into 6-well plates and cultured to confluence. Wounds were made using a p10 pipette tip, and the cells were washed with PBS to clear debris and detached cells. The cells were then incubated in serum-free medium for another 24 or 48 h. The individual gaps were observed and photographed using an inverted microscope at 0, 24 and 48 h at the same position of the wound.
Cell invasion assays were performed in 24-well, Matrigel-coated invasion chambers. At 48 h post-transfection, 2610 4 cells in 0.2 ml serum-free-DMEM were added to the upper chambers (8-mm, Millipore), which were coated with 30 ml matrigel (BD Bioscience, San Jose, CA), and 0.6 ml of 10% FBS-DMEM was added as the chemoattractant to the lower chamber. The cells were incubated at 37uC for 24 h, after which, the non-invading cells were removed with cotton swabs. The invading cells were stained with 0.1% crystal violet. The cells were counted in 5 random high-power fields at 6200 magnification per well. The experiment was performed in triplicate.
Statistical analysis
Statistical analyses were performed using SPSS 19.0 software (SPSS, Chicago, USA). The values are presented as the means 6 SD. Student's t-test was used to compare the values of the test and control samples. Differences between treatment groups were examined for statistical significance using one-way ANOVA. The statistical significance level was designated as P,0.05.
Results
Expression of MiR-30c and MTA-1 in EC samples and cell lines
MiR-30c was reported to exhibit relatively decreased expression from normal endometrial to atypical hyperplasia to cancer [16] and to function as a tumour suppressor in EC cell lines [17] . However, no other studies have demonstrated that miR-30c plays a role in EC. Therefore, we first investigated the relative expression of miR-30c among the tissue samples in this study. Our qRT-PCR analyses showed that miR-30c is significantly decreased in EC samples (Fig 1A. ), suggesting that miR-30c plays a role in the incidence of EC.
We next evaluated the expression of miR-30c in different cell lines. ER-positive Ishikawa cells and ER-negative HEC-1-B cells represent models of type I and type II EC, respectively. Our qRT-PCR analysis revealed that miR-30c is highly expressed in HEC-1-B cells compared with Ishikawa cells, by 1.79-fold (Fig 1B.) , suggesting that the expression of miR-30c correlates with ER or E 2 . Next, we assessed the levels of MTA-1 expression in different cell lines and found that it is highly expressed in Ishikawa cells at both mRNA and protein levels (Fig 1C and 1D) . Taken together, our results indicate a negative correlation between miR-30c and MTA-1, consistent with our previous conclusion that miR-30c targets MTA-1.
Variation of miR-30c expression modulates the expression of its target gene, MTA-1, in EC cells
We previously demonstrated that miR-30c targets MTA-1 mRNA transcripts in the Ishikawa and HEC-1-B cell lines using a Luciferase reporter assay. To thoroughly elucidate the relationship between miR-30c and MTA-1, we used miR-30c-mimics and miR-30c-inhibitor to restore and to reduce the expression of miR30c, respectively. In addition, we used siR-MTA-1 to knockdown MTA-1 in Ishikawa cells.
The expression of miR-30c in Ishikawa cells was up-regulated by 23.14-fold and down-regulated by 0.043-fold by transfection with miR-30c-mimics and miR-30c-inhibitor, respectively (Fig 2A) . Upon sufficient transfection efficiency, we found that MTA-1 expression was significantly decreased when miR-30c was restored and that the reduction of miR-30c up-regulated MTA-1 expression ( Fig 2B) .
In cotransfection experiments, we found that miR-30c inhibitor and siR-MTA-1 played an antagonistic manner in MTA-1 regulation (Fig 2C) . Together with the observation that siR-MTA-1 suppresseed the expression of MTA-1 at both the mRNA and protein levels (Fig 2D and 2E) , we believe that miR-30c does in fact negatively regulated MTA-1. Interestingly, the repression of MTA-1 expression by siR-MTA-1 resulted in an increased expression of miR-30c (Fig 2 F) . Taken together, we confirmed that miR-30c directly repressed MTA-1 expression and that a feedback-loop is present between them. Although more studies are needed to explore the specific mechanism underlying their feedback-loop regulation, these results supported the notion that miR-30c might work by inhibiting MTA-1 in EC.
MiR-30c regulates cell proliferation, migration and invasion in EC As our previous study has shown, the ectopic expression of miR30c can inhibit EC cell proliferation, migration and invasion [17] . Here, we provided further evidence to confirm these effects in Ishikawa cells. The ectopic expression of miR-30c inhibited cell proliferation in a MTT assay. The viability of transfected was repressed (Fig 3A) and relative cell proliferation was reduced at 72 and 96 h post-transfection (Fig 3B) . In terms of migration and invasion, we performed a wound healing and a transwell assay. Transfection of miR-30c-mimics decreased migration and invasion compared with the mimics-sc, as shown in Fig 3C and 3D . On the other hand, the abilities of cell proliferation, migration and invasion were enhanced following the cells were transfected with miR-30c-inhibitor (Fig 3A -3D) .
Thus, variable expression of miR-30c elicited different effects on the malignant characteristics of Ishikawa cells. We believe that miR-30c acts as a tumour suppressor by influencing the proliferation, migration and invasion of EC cells.
MiR-30c functions as a tumour suppressor via the miR30c-MTA-1 signalling pathway
We previously determined that miR-30c targets MTA-1, which is overexpressed in EC [37] and which acts as an oncogene in many human tumours [38, 39] . However, the function of MTA-1 in EC remained undefined. Therefore, we investigated whether miR-30c functions via the miR-30c-MTA-1 signalling pathway. Repression of MTA-1 by siR-MTA-1 inhibited the proliferation of Ishikawa cells, as indicated by our MTT results (Fig 4A) . Moreover, loss of MTA-1 also reduced cell migration and invasion, as indicated by our wound healing and transwell assay results (Fig 4B and 4C) . These findings revealed that MTA-1 plays To extend our study, we cotransfected miR-30c-inhibitor and siR-MTA-1 into Ishikawa cells and found that the reduction of MTA-1 attenuated cell proliferation and invasion mediated by miR-30c-inhibitor compared with the control-transfected group (Fig 4D and  4E) . Our results suggest that miR-30c function depends on MTA-1 and validated the existence of miR-30c-MTA-1 signalling pathway.
Estrogen down-regulates expression of miR-30c in EC cells
Having demonstrated the tumour suppressive ability of miR30c, we next investigated the regulation of miR-30c. The difference in miR-30c expression between ER-positive Ishikawa cells and ER-negative HEC-1-B cells suggests that E 2 and ER might play important roles in the regulation of miR-30c. Thus, we investigated whether miR-30c expression changes upon E 2 treatment.
Compared with the blank control, the expression of miR-30c was markedly down-regulated in a time-and dose-dependent manner at 6, 12, 24 and 48 h upon 10 -8 M and 10 210 M E 2 treatment of ER-positive Ishikawa cells (Fig 5A) . The alterations in miR-30c expression induced by E 2 treatment were in part reversed by cotreatment with ICI182780 in Ishikawa cells (Fig 5B) . In addition to the E 2 treatment-induced repression of miR-30c, primiR-30c and pre-miR-30c were also down-regulated (Fig 5C) , suggesting that E 2 -ER can inhibit the transcription of miR-30c in the Ishikawa cells.
However, we found that E 2 also reduced miR-30c expression levels in ER-negative HEC-1-B cells (Fig 5D) . It was expectable that the inhibition of miR-30c expression by E 2 treatment was not blocked by ICI182780 in HEC-1-B cells (Fig 5E) . Different from Ishikawa cells, E 2 only reduced the expression of pre-miR-30c but not pri-miR-30c in HEC-1-B cells (Fig 5C) , suggesting that E 2 should inhibit the maturation of miR-30c in an ER-independent manner.
In addition, E 2 up-regulated the expression of MTA-1 mRNA in both Ishikawa and HEC-1-B cells, an effect that was reversed by ICI182780 in Ishikawa cells only at selected concentration and time (Fig 5F) . This might be attributed to either the reduction of miR-30c induced by treatment with E 2 or another as of yet unidentified signalling pathway.
Taken together, our findings indicate that E 2 represents a regulatory factor for the expression of miR-30c, which functions in both ER-dependent and ER-independent manners. However, the precise underlying molecular mechanism by which E 2 regulates the expression of miR-30c requires further detailed studies.
Discussion
The deregulation of miRNAs in cancer can promote angiogenesis, growth advantage, tissue invasion and metastasis. However, our understanding of the aberrant expression and potential roles of miRNAs in cancer remains limited. MiR-30c, a member of the miR-30 family, has been shown to be down-regulated in EC in microarray analyses [16] and in breast cancer [23] compared with normal tissues but up-regulated in ovarian cancer compared with benign or borderline ovarian tumours [18] and in mesothelioma cells [29] . MiR-30c can also serve as a potential biomarker due to its deregulation in different subtypes and malignant stages of tumours including breast cancer [21] , ovarian cancer [18] and mesothelioma [28, 29] . Furthermore, the increased expression of miR-30c correlates with favourable prognosis and clinical efficacy of tamoxifen therapy in breast cancer [22] as well as longer progression-free survival in clear cell renal carcinoma [25] but worse survival in malignant mesothelioma [29] and chemotherapeutic resistance in lung cancer [24] . Notably, in regards to the role of miR-30c in chemotherapeutic resistance in ovarian cancer, Eitan et al. and Sorrentino et al. have made contrasting conclusions [40, 41] . The controversial findings concerning miR30c confirm its important role in tumourigenesis and progression, regardless of its precise tumourigenic or tumour suppressive nature.
In this study, we further investigated the role of miR-30c in EC. We found that miR-30c was down-regulated in EC samples compared with normal samples, as indicated by qRT-PCR analysis, consistent with the previous microarray analysis by Boren et al [16] . Unfortunately, we didn't have enough cases to value the deregulation of miR-30c expression among different subtypes and clinicopathological features. Our future studies will aim to elucidate this issue. Nonetheless, we found that miR-30c expression was higher in an ER-negative cell line, implying that miR-30c might correlate with E 2 and ER, as well as with specific subtypes of EC.
To extend our previous study, we thoroughly examined the relationship between miR-30c and MTA-1. Previously, we performed a Luciferase reporter assay that demonstrated the 39-UTR of MTA-1 targeted by miR-30c. Furthermore, we showed that the over-expression of miR-30c decreased MTA-1 expression at the mRNA and protein levels in both Ishikawa and HEC-1-B cells [17] . Here, we not only restored but also reduced the expression of miR-30c and assessed the resulting changes in MTA-1. We used Ishikawa cells only in this study because miR-30c functioned the same in the two cells lines in our previous study. The results of this study are consistent with those of our previous study, and we also found that siR-MTA-1 and the miR-30c inhibitor worked in an antagonistic way. As we verified the direct repression of MTA-1 by siR-MTA-1, we were able to deduce a functional relationship between miR-30c and MTA-1. Remarkably, we also identified a feedback-loop wherein the repression of MTA-1 increased levels of miR-30c, a feedback effect that also occurred with miR-145 and its target gene, OCT4 [42] . MiR-30c was previously reported to play a suppression role in tumour cell proliferation, metastasis and drug resistance by targeting BCL9 [19] , TWF1, vimentin [21] and KRAS [20] . In this study, we confirmed that miR-30c-MTA-1 signalling pathway represents a functional mechanism by which miR-30c suppresses EC. However, miRs usually work in the regulation of multiple targets and we could not tell that there is no other signalling pathway working by miR-30c in EC.
Currently, the regulation of miRNAs is a topic that has garnered increasing attention. Onconase [43] , Lysophosphatidic acid (LPA) [19] , and the EGF and MET receptors [24] have been reported to modulate the expression of miR-30c. Considering the differential expression of miR-30c between the ER-positive and ER-negative EC cell lines used in our study and the relationship between EC and E 2 , we chose to examine E 2 as a candidate regulator of miR-30c expression.
In EC, miR-206 [44] and the Let-7 family of miRNAs [9] correlate with E 2 and ER either by targeting ERa or by being subject to modulation by E 2 . The modulation of miRNAs by E 2 -ER has been definitively demonstrated [45] . Yamagata et al [6] indicated that ERa, not ERb, that inhibited the maturation of miRNAs by preventing the pri-miRNA-to-pre-miRNA conversion. This interaction occurs at a posttranscriptional level through their association with Drosha and p68/p72, which can be activated by E 2 . However, even in the absence of E 2 , a physical association between ERa and Drosha still occurs, possibly accounting for the suppression of miR-30c in the Ishikawa cells compared with the HEC-1-B cells that we observed in this study. Another recent study suggested that ERa suppressed miR-140 expression at the transcriptional level by binding to a specific promoter element (-79/-50) of miR-140 [10] . Except for ERa, ERb [14] and Dicer [13] were also reported to be relevant in terms of E 2 in the regulation of miRNAs. Nevertheless, all of these results were derived from breast MCF-7 cells. Thus, we suggest that further mechanistic studies in EC cells are wanted.
Our study showed that E 2 negatively regulated miR-30c and induced its target gene, MTA-1, in EC cells, a regulatory effect that was also exhibited by miR-140 and its target gene, SOX2, in breast cancer cells [10] . The induction of MTA-1 by E 2 in EC cells might be attributed to a decrease in miR-30c or to direct stimulation by E 2 , both of which require further studies.
In contrast, a study has shown that miR-30c is up-regulated by E 2 in ER-positive breast cancer MCF-7cells [13] , demonstrating the different modulatory mechanisms by which E 2 regulates miR30c in different cancer cells. We considered that E 2 functioned in an ER-dependent way and at transcriptional level in Ishikawa cells, because the decrease of miR-30c expression was reverted by ICI182780 and both pri-miR-30c and pre-miR-30c expression were repressed by E 2 treatment. However, we could not exclude other possible regulatory mechanisms, such as the prevention of miRNAs maturation.
Unexpectedly, E 2 repressed the expression of miR-30c in ERnegative HEC-1-B cells, which, to our knowledge has not yet been reported. These results imply that E 2 can also function in an ERindependent manner, which has previously been observed in EC HEC-1-A cells [46] and in a mice model [47] . The reduction of pre-miR-30c, but not of pri-miR-30c, implies that E 2 might influence the maturation of miR-30c in ER-independent way in HEC-1-B cells. However, little is known about ER-independent miRNA regulatory mechanisms. Further investigation on this topic might significantly contribute to our knowledge of the regulation of miRNAs, as well as of their numerous target genes.
In summary, this study indicates that miR-30c acts as a tumour suppressor by targeting MTA-1 in EC. Moreover, we find that miR-30c is negatively regulated by E 2 , shedding new light on an E 2 -ER-independent miRNA regulatory mechanism. Although there are some limitations to our study, such as the few numbers of EC samples and cell lines, the time and concentrations of E 2 treatment, the lack of vivo studies, we still hope that our efforts will promote the continued investigation of the regulation of miR-30c and its role as a potential biomarker as well as a novel therapeutic target of EC, to demonstrate that miRNA-based clinical therapies are feasible options in the future.
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